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introduction. 

The treatment of the terranes of Orange county, Vermont, 
records a most searching and ultimate analysis of the Washing- 
ton marble, which singularly carries more than one-fourth of 
all known elements. It shows the percentage of solubility in 
several surface samples of widely different localities. It dis- 
cusses the olivine of Corinth, the source of the famous Thetford 
limburgite of Dr. Oliver Payson Hubbard. It embodies an 
analysis of the arsenopyrite of Braintree and the scales of phyl- 
lite set transverse to the planes of foliation in the shaly terranes. 
It presents a geological map of Orange county and protracted 
sections across the same, with legends. It gives chapters upon 
bibliography, topography, chemistry, geology and paleontol- 
ogy, accompanied by two maps and thirteen half-tone cuts. It 
divides the " Calcifefous Mica Schist " of Professor C. H. 
Hitchcock into a calcareous and a non-calcareous member; and 
carefully designates the former as Washington limestone and 
the latter as Bradford schist. It locates these terranes from 
paleontological evidence as Lower Trenton, which formerly 
have been recognized by American geologists as Upper Silurian. 

MAPS. 

The geological map (Plate IX*) represents the distribution of 
heterogeneous terranes lying between the Connecticut River on 
the east and the Huronian rocks of central Vermont on the 
west. It extends from latitude 43° 30' northward to latitude 

* By an unfortunate error the Granite areas are shown in the same manner as are the 
modified drift, but the only drift area is that which borders the Connecticut river, all 
the remaining black spaces are granite. 
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44° 25' and embraces the larger oarts of Orange, Caledonia, 
Washington and Windsor counties. It also covers an area of 
more than 3,000 square miles of stratified, igneous and meta- 
morphic rocks of Huronian and Silurian age. 

The stratigraphical map (Plate XIV) represents five pro- 
tracted sections, extending from the Connecticut River on the 
east through the Huronian and Lower Silurian terranes to the 
Huronian schists on the west. Their original trend is to the 
northwest, nearly at right angles with the average strike of the 
Washington limestone, north 20° east. 

No attempt is made at plotting the dip of the planes of bed- 
ding save as they conform with cleavage, for the former is 
subsequently illustrated with half-tone cuts from several locali- 
ties where there is a marked non-conformity of bedding and 
cleavage planes. 

TOPOGRAPHY. 

The topography of the area is unity in variety. Italy is a 
land of rarer sunsets and deeper sky; Switzerland is a region 
of more towering sublimity and unapproachable grandeur. Yet 
these do not surpass the majestic hills and beautiful valleys of 
eastern Vermont in the exquisite genius of creative art. They 
blend all that is beautiful and attractive with nothing to terrify 
the eye. It is a Silurian tableland sculptured by Tertiary 
denudations. 

Plate X, Quechee Gulf, represents a Quaternary erosion. 
A channel buried by the sand and debris of the ice age turned 
the Ottaquechee River from its original course and has given 
Vermont the magnificent chasm, Quechee Gulf. The gulf is 
from one-half to three-fourths of a mile in length. The railroad 
bridge seen in the plate is 192 feet above the river and nearly 
300 feet in length. At low water the stream is about 40 feet 
wide. The length of time required for such an erosion is not 
less than 10,000 years. The gulf is a popular tourists' resort. 

Another beautiful gorge plowed out by a share of a furrow- 
ing torrent is found among the hills of Williamstown and 
Brookfield and known as Williamstown Gulf. It is five miles 
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TOPOGRAPHY. 1 1 

in length and follows north and south along the line of the 
strike of the Washington limestone. Near the northern ex- 
tremity it is very narrow, scarcely wide enough for a carriage 
drive. The tilted limestone rises upon either side from lOO 
feet to 500 feet above the roadbed. Where the gulf is the nar- 
rowest the sides of the cliflf are too precipitous to be easily 
scaled. The entrance to the valley road from Williamstown is 
broad and beautiful. Its exit to the south is into a broad and 
fertile valley flanked by long limestone barricades. The Gulf 
House, encircled by conical hills of erosion, is about one-half 
mile south of the northern entrance to the gulf. Near it is a 
famous well, worn out in a perfect circle, about nine inches in 
diameter and of unknown depth. It remains nearly full of 
water yet seldom overflows. Near the northern entrance to the 
gulf is the watershed of the eastern fork of the Green Moun- 
tains. Here the meteoric waters divide, a part becoming a 
tributary to Stevens Branch, which finds its way to the ocean 
through the St. Lawrence River and Gulf; the other is one of 
the head branches of White River, which ultimately empties into 
the Atlantic through the Connecticut River and Long Island 
Sound. 

In the western part of Brookfield is found a gulf extending 
to the north ten miles. The deepest and most beautiful part 
lies in the southwestern part of the town between Bear Hill and 
Moody Mountain. It lies partly in Washington limestone and 
partly in Bradford schist. 

The remaining valleys are much wider and often beautifully 
terraced through sedimentary deposits from glacial rivers. To 
the east of the watershed they extend southeast; to the west, 
north and south. Yet on the latter side several streams flow 
into the Winooski. 

Conical peaks may be observed at their maximum altitude 
along the line of the watershed, which is also the line of the 
great anticlinal of the Washington limestone. The highest of 
these are in Chelsea, Washington and Orange; varying from 
T,8oo to 2,500 feet above the sea level and arable to their very 
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crests. So multitudinous are these cones in Corinth that thev 
present the appearance of a garden filled with gigantic bee- 
hives. 

Plate XI represents the western slope of such a hill near the 
village of Chelsea. 

Plate XII shows the farm of R. F. Richardson in Washing- 
ton, the boyhood home of the writer. The broad fertile valley, 
the ancient home of a runaway lake, is at an altitude of 1,500 
feet, and the crest of the mountain in the rear 2,100 feet. Here 
the strata of the Washington limestone are perfectly horizontal. 
The planes of deposition and easy cleavage coincide. Where 
the valley narrows among the hills, as shown in the right of the 
figure, sheets of good marble, 40 to 50 feet in length, increasing in 
thickness with descent, lie upon the surface. There is little or 
no earth or waste material to remove to open large quarries of 
great value. One mile to the north is Washington Peak, 2,500 
feet high. From its crest is one of the most beautiful pano- 
ramic views of the State. The lofty peaks of New York, New 
Hampshire, Vermont, and Canada stud the horizon, while at its 
base are valleys of disintegration and erosion from 1,000 to 
1,500 feet in depth. 

Plate Xlir represents a typical granite boulder which rests on 
the brow of a conical hill at an altitude of 1,300 feet. It is situ- 
ated one mile northeast of Washington village and weighs 80 
tons. 

Seldom are wanderers found more conspicuously dropped 
upon the hillsides than in this area. Many of them weighing 
from 50 to 100 tons have been left at altitudes above 2,000 feet. 
Their line of transit is south 10° east. 

Disintegration and denudation have not toiled alone to pro- 
duce so many marvellous changes in level, not alone mountain 
making by the folding of the strata of homogeneous and hetero- 
geneous formations, but volcanic action bringing here and there 
gigantic masses of granite and amphibole to the surface. A 
good example of the former may be seen in Corinth southeast 
of the old copper mine; and of the latter in that range of granite 
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hills, now extinct volcanoes, through Plainfield and Orange, 
Goshen and Harris Gores. 

Some of the lowest altitudes have been observed along the 
banks of the Connecticut River at low water level. A few are 
here given. 

FEET. 

White River Junction 318 

Hanover 373 

North Thetford 379 

Fairlee 383 

Bradford 389 

Newbury 398 

Wells River 407 

An equally interesting series of observations have been made 
along the line of the Passumpsic Railroad on the summit of the 
track directly in front of the depot. 

FEET. 

White River Junction 357 

Wilder • 400 

Norwich 406 

Pompanoosuc 410 

Thetford 413 

North Thetford 401 

Fairlee 437 

Bradford 410 

South Newbury 412 

Newbury 426 

Wells River 442 

Ryegate 471 

Mclndoes 487 

Barton 467 

Altitudes near the line of the great anticlinal do not present 
so striking a similarity; yet there is an increase to the north- 
ward until the mountains of Plainfield, Goshen and Harris Gores 
present the maximum. 



I 

^ 
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FEET. 

Sharon, East Hill i,ooo 

Strafford, West Hill 1,125 

Strafford, East Hill 1,202 

Woodstock, Mt. Tom, South Peak 1,262 

Woodstock, Mt. Tom, North Peak i>357 

Vershire, River 1,300 

Vershire, near Heights i»775 

Chelsea, East Hill 1,710 

Washington Heights 1,800 

Washington Village 1,225 

Washington, Quimby Hill 2,100 

Washington, Washington Peak 2,500 

Topsham, Willey Hill 1,850 

Orange Heights 1,700 

Orange, Knox Mountain, South Peak i»975 

Orange, Knox Mountain, North Peak 2,200 

Plainfield, Plainfield Mountain 2,500 

Goshen Gore, Goshen Mountain 2,600 

% CHEMISTRY. 

(a.) 

Washington Marble. Quarry of Huntington and Clough. 
Sample taken from the core of a diamond drill 35 feet below 
the surface of bed rock. 

Summary of Analyses of Soluble Constituents. 

(a.) (t.) 

Silicon dioxide, Si02 .240 .241 

Carbon dioxide, CO2 22.860 22.870 

Ferrous oxide, FeO .940 .941 

Manganous oxide, MnO .076 .075 

Calcium oxide, CaO 27 . 293 27 . 293 

Magnesium oxide, MgO 3*233 3.230 

Water, H2O .108 .107 



ANALYSES. IQ 

Chlorine, CI . 307 . 307 

Phosphorous pentoxide, P2O6 i . 359 i . 359 



56.416 56.423 
Less 0=C1 .069 .069 



56.347 56.354 



Calculated 56.450 56.452 

Obtained 56.347 56.354 



Difference . 103 .098 

Composition of Insoluble Residue. 

Silicon dioxide, Si02 

Titanium dioxide, Ti02 

Ferric oxide, Fe203 

Aluminum oxide, AI2O3 

Glucinum oxide, GIO 

Barium oxide, BaO 

Calcium oxide, CaO 

Magnesium oxide, MgO 

Sodium oxide^ Na20 

Potassium oxide, K2O 

Lithium oxide^ Li20 

Fluorine, F 



Less Oxygen^Fluorine 



Calculated 
Obtained . 



(a.) 


(b.) 


35-508 


35 • 507 


. 190 


.189 


.010 


.010 


6. 113 


6. 112 


•313 


•315 


.210 


.210 


.012 


.011 


.015 


.014 


.186 


.187 


.063 


.064 


.823 


.824 


.026 


.026 


43.469 


43-469 


.010 


.010 


43-459 


43 - 459 


43-550 


43 • 548 


43-459 


43 - 459 



Difference • .091 .089 
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Totals, 

(a.) (b.) 

Silicon dio^cide, Si02 35 . 748 35 . 748 

Titanium dioxide, Ti02 . 190 . 189 

Carbon dioxide, CO2 22 . 860 22 . 870 

Ferric oxide, FejOs .010 .010 

Aluminum oxide, AI2O3 6. 113 6. 112 

Ferrous oxide, FeO .940 .941 

Glucinum oxide, GIO .313 .315 

Manganous oxide, MnO .076 .075 

Barium oxide, BaO .210 .210 

Calcium oxide, CaO 27 . 305 27 . 304 

Mag^nesium oxide, MgO 3.248 3-244 

Sodium oxide, Na^O . 186 . 187 

Potassium oxide, K2O .063 .064 

Lithium oxide, Li20 .823 .824 

Water, H2O :io8 . 107 

Phosphorus pentoxide, P2O5 i .359 i .359 

Chlorine, CI . 307 . 307 

Fluorine, F .026 .026 

Carbon, C Microscopical trace 

99.885 99.892 

Less Oxygen=F & CI .079 .079 



100 — 99 . 806 = . 194 difference. 
100 — 99.813= .187 difference. 



99.806 99.813 



The presence of so many unexpected elements and com- 
pounds, as well as the large percentage of Si02, may seem diffi- 
cult to explain. In fact its complexity of structure is unparalleled 
by any analyzed marble. The excessive amount of Si02 arises 
from two sources: First, the intercallation of granules of sand 
when the vast calcareous beds were deposited in oceanic waters; 
second, the interjection of silicic anhydride in gaseous form 
prior to the metamorphosing of the marble. 
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Rutile is present in the eastern part of the formation in 
minute hairs or threads penetrating the crystalline limestone. 
Perhaps they occur most frequently in Sharon, Vt. The min- 
eral is the dioxide of titanium, and silicon is often replaced by 
this element of the same quantivalence. 

The unexpected glucinum manifested itself in traces of the 
mineral beryl, a silicate of glucinum and aluminium which is 
abundant in the adjoining heterogeneous terranes of New 
Hampshire. 

Lithium occurs in the Hthium aluminium silicate, spodumene, 
in the homogeneous terranes in Massachusetts. Here the min- 
eral is so highly developed that commercial lithia may be 
extracted with profit. Perhaps traces of this element are scat- 
tered throughout the entire Lower Trenton terranes, for it 
occurs in the complex orthosilicate, muscovite. 

Chlorine is probably present in combination with one of the 
alkali metals; and the fluorine with the complex orthosilicate, 
biotite. Surface samples of biotite yield fluorine in analysis 
and minute crystals of biotite more or less associated with mus- 
covite grace the entire formation. 

As the prevailing constituent is the carbonate of calcium with 
enough magnesium present to make it dolmitic, the rock may 

be known as a silicious marble. It carries a large percentage 

* 

of silicic anhydride and many minute traces of complex silicates. 
Its complexity is so great that a single formula cannot well rep- 
resent its chemical composition. The presence of the rare ele- 
ments has been confirmed by most searching spectroscopic 
analyses. The carbon is found in microscopic thin sections. 

(6.) 

Table Showing the Percentage of Solubility and Insoluble Residue 

in Washington Limestone. 

NAME AND LOCALITY. SOL. INSOL.RES. SOL. INSOL.RES. 

Washington marble, 

Clough quarry 56 . 47 43-53 56-475 43-525 



22 THE TERRANES OF ORANGE COUNTY, VERMONT. 

Waits River marble, Rich- 
ardson quarry 58 . 24 41 . 76 58 . 26 41 . 74 

Washington variegated, 

Richardson: quarry ... 60.15 39-85 60.145 39.855 

Unicolor marble, Rich- 
ardson quarry 55-49 44.51 55.50 4450 

Chelsea limestone, West 

Hill 53.48 46.52 53.48 46.52 

Tunbridge limestone^ 

North Village 52.925 47.075 52.91 47.09 

Vershire limestone, Ack- 

erman Hill 53-28 46.72 53.27 46.73 

Corinth limestone, Davis 

Hill 55005 44.995 55-00 45.00 

Stratford limestone, Up- 
per Village 52.94 47.06 52.89 47.11 

Washington marble, 

Warner Granite Co .. . 55.32 44.68 55.325 44.675 

From the above table it is evident that the Washington lime- 
stone presents a varied composition; that within a radius of 25 
miles the carefully selected surface samples range in their per- 
centage of solubility from 52.92 in Tunbridge to 60.15 ^" 
Washington; that the increase of soluble carbonates is to the 
northward; and that the highest development of the marble is 
in the same direction on the crest of its great anticlinal. 

(c.) 

Analysis of Arsenopyrite from East Braintree, Vt, 

1234 

Per cent of arsenic 43-58 43.03 43.24 43.72 

Value of silver per ton $1.00 $1.29 $1.60 $2.58 

Theoretical per cent of arsenic. 46.01 46.01 46.01 46.01 

The mineral is arsenopyrite, commercially known as mispickel. 
It is therefore a sulph-arsenide of iron, carrying a little silver, 
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and conforming very nearly to the formula FeAsS. The silver 
is present in too small quantity for profitable extraction of the 
precious metal save as a by-product. But the ore is so rich in 
arsenic and poor in silica that it ought to become an abundant 
source of a useful commodity which the American manufac- 
turers are beginning to prepare. 

Analysis of Olivine in Limburgite from Corinth, Vt. 

I 2 

SiO, 40.35 40.35 

FeO 9.288 9.297 

MgO 50.318 50.321 

Total 99-956 99.968 

The formula (MgFe)2Si04 may be given to the mineral. It 
is an orthosilicate in which the ratio of the magnesium is to the 
iron as 9:1. The theoretical percentage of this ratio varies but 
little from obtained results. 

Theoretical SiOa 4i -O 

FeO 9-8 

MgO 49-2 

100. o 
(e,) 

Analysis of Hexagonal Crystals of Phyllite, Set Transverse to the 

Foliation in the Washington Limestone. 

Summary of analyses: 

I 2 

S1O2 39-420 39-425 

TiOs 245 .240 

AI2O3 22 . 140 22 . 145 

FeO 18.081 18.085 

CaO 510 .525 
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MgO 8.088 8. 103 

K2O 8.636 8.637 

NaaO .361 .360 

H2O 2 . 300 2 . 305 

F Trace Trace 



99.781 99-825 

This mica corresponds very closely to the complex ortho- 
silicate biotite, for the third multiple of H4Si04, orthosilicic 
acid, is HiaSiaOiz with 12 displaceable hydrogen atoms, and the 
following substitution meets the demands of the problem: 

Fe"Mg" ^SiaOi, 



Al 



vl 



Analysis of Rhodonite from Waits River, 

I 2 

SiOa 45.27 45-28 

FeO 8.08 8.10 

MnO 46.33 46.42 



99.68 99.80 

The mineral is a metasilicate of manganese, with formula 
MnSiOs, in which a part of the manganese has been replaced 
by ferrous iron. It is susceptible of a beautiful polish and well 
suited for all decorative and interior work. A considerable 
amount of valuable material has been destroyed by fracture 
while prospecting for copper. Large pieces have been placed 
in the museum of Dartmouth College and in the National 
Museum of Washington, D. C. 
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(g) 

Analysis of a Selected Sample of Magnetic Iron from Bethel^ Vt. 

Iron protoxide 28 . 504^ 

Equivalent to metallic iron 22. 170;^ 

Iron sesquioxide 67.896 

Equivalent to metallic iron 47.527 

Total metallic iron 69 . 697 

Silica, gangue, etc i .973 

Alumina .251 

Lime . 028 

Magnesia . 263 

Phosphoric acid .014 

Sulphur • . 050 

Water . 365 

Titanium 

Undetermined .656 



100.000 



The undetermined consists of carbonic acid and the oxides 
of sodium and potassium. 

The analysis proves the ore to be of high grade, equal to the 
famous Franconia ore in Nev^ Hampshire, Chateaugay, N. Y., 
or Dannemora, Sweden. It is fitted, therefore, for all uses of 
iron where tenacity and endurance are desired. 

It occurs in a metamorphic chloritic schist. The schist is 
soft and fragile, and can be easily worked. 

I have followed the deposits some distance northward and 
find the massive magnetite frequently exposed to view. One 
mile north of the deposit it is reported observed upon the sur- 
face. In the vicinity octahedral crystals of magnetite are fre- 
quently found; and black magnetic sand, generally gold bearing, 
lines many of the neighboring streams. 

The ore is ofttimes disseminated through the rock rather than 
concentrated into large veins. The evidence is in favor of a 
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deposit of ore increasing in dimensions as you go below the 
surface. However, the opposite is possible, for the surface 
content is very small. 

GEOLOGY. 

The architecture of the heterogeneous terranes of Orange 
county, Vt., is somewhat obscure. The original horizontal 
series of sands, gravels, clays, and marls have their modern rep- 
resentatives in tilted and crumpled schists, argillites, limestone 
and crystalline marbles. These rocks have been compressed 
into great folds with a huge anticlinal along the center of the 
crystalline marble, with minor anticlinals and synclinals upon 
either side. As a direct result of this compression, linked with 
the injection of igneous material, many new minerals have been 
developed and the countenance of the original deposits dis- 
guised. Planes of cleavage were induced at varying angles 
with the lines of original bedding and the Lower Silurian rocks 
superimposed unconformably upon Huronian terranes. 

A. 

HURONIAN. 

The outer flanks upon the east and the west are Huronian. 
No attempt is made in the protracted sections to plot the 
western member save as it comes in contact with the Montpelier 
slate. The eastern member is plotted only to the Connecticut 
River. The former is largely hydromica and chloritic schist 
with beds of serpentine and soapstone as alteration products. 
These rocks are often studded with crystals of magnetic iron. 
The latter is of the same general nature and often highly gar- 
netiferous. On the west side is found a light gray, fine grained 
economic granite in Braintree. The largest deposit is on 
Nevin's Hill. In fact the hill is all granite. Similar deposits 
are found in Moretown and Northfield. 

The eastern member carries two large bunches of metamor- 
phic diorite — the larger in Hartford, and crops out in abun- 
dance on the left of the road from Christian Street to Hartford 
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village. The smaller is in Newbury to the east of Hall's Pond. 
Each contains large crystals of feldspar. 

Two bunches of protogene gneiss grace this member.* The 
smaller is in Newbury on the Ox Bow, the larger in Bradford 
and Fairlee. It is the material of Bradford and Fairlee cliffs. 
The best exposure is just back of the hotel at Fairlee. The 
cliff rises by almost perpendicular ascent for about 200 feet; 
while at its base is a large t?ilus of broken fragments of gneiss. 
The material is unlike the protogene gneiss of Hanover and 
Lebanon, N. H. The mica is more abundant and the paral- 
lelism greater at Fairlee and Bradford. At Hanover the mica 
is chlorite and the gneiss is brittle. It is not impossible that at 
Fairlee we have the relics of an extinct volcano. A narrow belt 
of hydromica schist lies between the cliff and Lake Morey. 
The lake is entirely in slate and the crests of the adjacent hills 
are Bradford schist. 

Near the Connecticut River the Huronian schists are nearly 
vertical and ofttimes much crumpled. In Newbury there are 
at least three synclinal troughs and two anticlinal axes. In 
Thetford there is one of each. In Fairlee the dips are all 
between 85° and 90° slightly to the east. 

In the summer of '96 there was reported to me from Newbury 
an Indian burying ground, situated about two miles north of 
Newbury Village, in a cut on the Passumpsic Railroad. A 
visit to the locality proved this Indian cemetery to be an inter- 
esting dike of diabase about 18 inches wide and exposed to a 
height of 10 to 12 feet above the track. The peculiar interest 
attached lies not in lithological characteristics, for herein it is 
not unlike many trap rocks, but in its striking surface decadence 
along multitudinous planes of fracture. The resultant presents 
the appearance of a stone wall set on end. The decomposing 
boulders lose their concentric shells, reveal the structure of a 
concretion, and ultimately remain as granules of coarse sand. 
The dike runs east and west. I tried to trace it over the hills 

* These areas do not show well on the map. The word Gneiss printed on the 
margin indicates the localities. 
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and found in Washington, 25 miles distant, a dike one foot wide, 
with the same cardinal direction, the same concretionary de- 
composition, lithological similarity, and microscopical charac- 
teristics. Presumably it is the reappearance of the same dike. 

B, 

SLATE. 

The second pair of parallel terranes, lying within the old 
Huronian deposits, have long been called Cambrian. They 
are narrow bands of soft, black, fissile, arenaceous slate resting 
unconformably upon the Huronian schists. The western band 
begins near Lake Memphremagog and suddenly terminates 
near Barnard Village. In Braintree, Brookfield, Williamstown 
and Berlin it is interstratified with the Washington limestone, 
and is referable to the same age, viz: Lower Trenton. Its 
highest development is in Montpelier and Northfield, where it 
has been extensively quarried as a fine roofing slate. Although 
the Montpelier quarries have been abandoned, those at North- 
field are successfully operated by the Dole-Brill Slate Company, 
which produces a fine grained, excellent, permanent block slate. 
Few^ if any, quarries in the State have less waste. 

The general strike of this member is north 10° east. In 
Braintree and Randolph, north and south. In Bethel, north and 
south and north 10° west. In Barnard it becomes a narrow 
line with strike north and south. 

One-half mile east of the city of Montpelier are the slate 
quarries of James T. Sabin. They have been worked to a depth 
of 100 feet. 

In November, 1896, I visited the slate quarries of Northfield 
in company with Dr. C. H. Hitchcock and F. E. Austin, to dis- 
cover, if possible, illustrations of planes of original bedding in 
contradistinction to the superinduced planes of cleavage. The 
highly satisfactory results were subsequently published by Dr. 
Hitchcock in a Bulletin of the Geological Society, Vol. VIII, 
pp. 289-390, in which he describes kindred phenomena in the 
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quartzites of Hanover and Lebanon ; a rock lithologically iden- 
tical with the Lower Cambrian quartzites of western Vermont. 

After renewed investigation I was successful in finding un- 
questioned diflferences and to photograph the same. These 
phenomena can be seen in illustration, Plate XV, Northfield 
slate quarry. The large distinct lines dipping 80° east are the 
superinduced planes of cleavage. The less distinct lines at the 
low angle of 30° to 35° west are planes of original bedding. It 
is along these planes that many graptolites may yet be discov- 
ered. Hitherto the search has been futile; in part, because 
made along lines of cleavage, while the true bedding was un- 
known; and in part, because the strata have become tilted and 
broken enough to obliterate many traces of Lower Trenton 
organisms. 

This discovery of the true dip is deemed of vast importance 
in leading to the conclusion that this band of Trenton slate lies 
unconformably upon the Huronian terranes flanking it upon the 
west. 

In a quarry one-fourth mile farther south similar deviations 
were discovered. The planes of bedding at a low angle to the 
west are clearer than the lines of fissility. This variation does 
not hold true in all the quarries, for occasionally distorted peb- 
bles lie in the lines of cleavage. In such cases the planes of 
fissility and bedding are parallel. At Barnard, where the west- 
ern member terminates, is the best locality to search for fossils. 

The eastern member extends interruptedly through the State. 
In East Barnet it becomes very narrow, crosses the Passumpsic 
River, and with a strike of north 10° east traverses Waterford 
Mountain. The slate widens rapidly to the north. South from 
Barnet the band becomes lost until in the northern part of New- 
bury it reappears as a narrow band. 

It is possible that for this short interval the slate underlies the 
Washington limestone; but more probably, as the beds are from 
100 to 1,000 feet in thickness, it has been eroded. 

About two miles north of Round Pond in Newbury this band 
suddenly increases its width threefold and extends south to 
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within one mile of Bradford Village. Here the slate terminates 
abruptly and the Huronian rocks take its place. It does not dip 
under the Washington limestone, for that rock lies lo miles to 
the west; nor under the Bradford schist, for the strike of the 
Bradford schist is parallel with the slate, viz, north and south. 
The Huronian rocks are laid bare to the west until they touch 
directly the Bradford schist. It may be that here is the begin- 
ning of the great fault that lies farther up Waits River valley. 
Excluding the fault theory, the slate must suddenly increase 
in thickness, and disintegration and erosion must have obliter- 
ated the last relic of the slate. 

Five miles to the south in Fairlee the deposit is i,ooo feet 
in thickness. Instead of a uniform cleavage dip to the east, I 
find a synclinal trough. It first makes its appearance a short 
distance north of Lake Morey. The lake is three miles long 
and one-half mile wide. Nearly all of it lies in the synclinal 
trough. Its greatest depth is 500 feet. It was here that Cap- 
tain Morev's crude boat, the immediate forerunner of Robert 
Fulton's success on the Hudson, was sunk. 

Near the north end of the lake on the east side the dip is 
60° west. Directly opposite, on the west side, the dip is 85° 
east. At the southwest corner of the lake the dip is 60° west, 
at the southeast there is a little bunch of distorted argillite 
with strike east and west, dip 85° north. Plate XVI shows the 
lake with the hills of slate rising hundreds of feet above it to 
the west. 

About one-half mile north of the head of the lake is the Fair- 
lee gold mine, situated on the farm of Mrs. S. A. Davis. The 
vein of quartz carrying the ore is 7 feet wide; its length and 
depth is unknown. The analysis yields gold to the value of $9 
per ton and silver $30. The vein is also well mineralized with 
galena and chalcopyrite. 

A little south of the center of the lake, far up among the hills 
on the west side, is situated the beautiful cascade known as 
Glen Falls. The perpendicular descent of this babbling brook 
is now 25 feet. The stream has worn a channel through the 
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slate 4 feet wide and 10 feet deep. It is a picturesque and popu- 
lar resort. 

Illustration, Plate XVII, shows the cascade, the eroded chan- 
nel, and the rustic bridge above them. 

In the northeast corner of Thetford, about one mile south of 
Ely station and 50 rods west of the Passumpsic Railroad, there 
is an old quarry of extremely fissile, soft, argillaceous slate, with 
apparent strike north 10° east, cleavage dip 85° east 10° south, 
strata dip 45° north. It affords a most striking illustration of 
the nonconformity of planes of bedding and fissility. Cross- 
ing the entire exposed surface of 100 feet by 25 remarkably 
distinct lines of original bedding are seen. The cleavage planes 
are induced by subsequent pressure at right angles to the lines 
of fissility. 

About one-third of a mile to the northeast of Thetford Hill, 
at the old galena quarry, the cleavage is 40° east 30° south, 
with no evidence of characteristic planes of bedding, unless the 
dip of the mineral vein, 21° to the southeast, affords us that evi- 
dence. It carries galena and sphalerite in considerable abun- 
dance. 

This Thetford argillite is a narrow band varying from one- 
fourth of a mile in width, in Fairlee, to i mile in Norwich. It 
was not known to extend continuously north of Ely station until 
the author succeeded in the summer of '96 in tracing it through 
Fairlee and into Bradford, where the hydromica schist takes 
its place. 

The strike varies from north 10° east in Fairlee to north 50° 
east in Hartford. South of North Hartland it is north and 
south, and in Norwich north 45° east. The dip changes from 
60° west in Hartford to 85° east in Fairlee. 

With the general dip of the eastern flank to the west, or 
vertical, and a low dip of the planes of bedding just north and 
south of where the slate has been entirelv eroded in Bradford, 
is sufficient evidence that it lies unconformably upon the Huron- 
ian hydromica schist. The lapse of time between the deposi- 
tion of the Huronian schists and the Lower Trenton slates was 
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long — sufficiently long for the former to have become the 
source of the latter. The chemical composition of the two is 
not too widely different. The ever active waters of the sea 
could easily wear away these older rocks, sift, redeposit the 
impalpable powder unconformably upon the Huronian rocks. 
The dip of the western flank is to the east, or vertical; but the 
planes of deposition of the slate have a low dip to the west, at 
Northfield 35° west. Along the entire line the evidence con- 
firms an unconformity: 14 bands of slate, outside of the two 
large belts, are interstratified with the Washington limestone. 
Unlike the belt upon the east, which is older than the Washing- 
ton limestone and Bradford schist, the western belt is the 
youngest of them all and lies above them all. 

C. 

BRADFORD SCHIST. 

Bradford schist is the name which I have chosen for the non- 
calcareous member of the old *' calciferous mica schist.'' The 
calcareous member is named Washington limestone from the 
town of Washington, Orange county, Vt., where it is exten- 
sively worked as a marble. 

Bradford schist is named for the town of Bradford, Orange 
county, Vt., where the non-calcareous element predominates. 

These, taken together, have hitherto been known as the '' cal- 
ciferous mica schist " of Professor Hitchcock, and no definite 
attempt had been made to separate the calcareous from the 
non-calcareous member until I took up the study of these ter- 
ranes in the summer of 1895. 

The larger part of the Bradford schist was originally a sand- 
stone which is now represented by terranes of granular and 
micaceous quartzite and a foliated mica schist. This is charac- 
teristically true in the eastern half of the county. 

The staurolite, actinolite and magnetite schist of Vershire 
may have once been a cherty, iron bearing sand, infiltrated 
with carbonates of lime and magnesia, while some of the orig- 
inal calcareous sand deposits, somewhat destitute of lime, may 
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have been so highly transformed that its modern representative 
is manifested in patches of hornblende schist containing scarcely 
a remnant of the original carbonates. 

Through Randolph, Williamstown, Chelsea, Corinth, Wash- 
ington, and Orange are beds of graphitic schist once carbonace- 
ous shaly material. In Chelsea, about three miles east of the 
village, it has recently been worked for graphite. Carbon is 
largely the coloring matter of both the Bradford schist and the 
Washington limestone. 

The largest terrane of the Bradford schist lies directly in con- 
tact with the Trenton slate through Bradford, Fairlee, West 
Fairlee and Norwich. Through Hartford and Hartland it is 
interstratitied with Washington limestone. 

In Bradford the mica predominates and the rock is charac- 
teristically a mica schist, while through Norwich^ Vershire and 
Thetford it is a foliated micaceous quartzite. It extends inter- 
ruptedly through Corinth and Topsham. In the latter town it 
terminates as a narrow band about two miles north of Waits 
River. It carries a rich ferruginous rhodonite susceptible of a 
most beautiful polish. The rhodonite is four rods wide. The 
strike is north 75° east, with a dip of 75° south. Within 200 
rods the dip of the mica schist changes to 45° north. 

Through Vershire, West Fairlee and Norwich are found 
bunches of hornblende. One is found on either side of Eagle 
Ledge in Vershire, which rises abruptly 250 feet. By the in- 
tense heat from this eruption beautiful crystals of staurolite have 
been developed in the contact rocks. This line of laccolitic 
material crops out again one-half mile east of West Fairlee. 
Thirteen patches of hornblende are sketched in the drawings. 

Wright's Mountain in Bradford, 1,500 feet high, is of similar 
origin; but the igneous material cropping out on both the north- 
east and southwest sides of the mountain is granite. 

The general strike of this belt is north 20° east. The dip is 
mostly at a high angle, either east or west. There occurs one 
main anticlinal, the result of compression. A minor synclinal 
trough lies to the west in West Fairlee and Thetford. 
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Careful investigation has proven that here as well as in the 
clay slates the superinduced planes of cleavage do not conform 
to the original planes of deposition. The figure strikingly 
presents the fact as observed on a rock exposed on the farm of 
W. F. Davis in Thetford. 

The Bradford schist carries four well known copper mines: 
the Elizabeth mine in Strafford, the Vershire mine at Copper- 
field, and the Eureka and Union mines in Corinth. The first 
of these is owned by the Tyson Brothers. With the new smelt- 
ing plant the mine is worked with large profit. An adit has 




been opened into the side of the hilt, striking the large vein 
near its center. The slopes extend nearly north and south 
with a lateral expansion from 50 to 100 feet and a height of 
10 or 15 feet. Very little artificial support is required and the 
mine is free from the seepage of waters. One hundred and 
fifty men are employed, and the mine can easily yield 2,000,000 
poimds of copper per annum. The second mine, located in 
Vershire, is owned by Mr. George Westinghouse. It is about 
10 miles from either of the others and has been worked 
more extensively. The adit has been extended 3,600 feet with 
a vertical depth of over 1,500 feet; thereby carrying the present 
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location of the vein below the level of the sea. In 1880 there 
were 140 houses that would accommodate 1,000 officers and 
workmen. Its annual production was 3,500,000 pounds of cop- 
per. Although its history began before the world knew about 
copper in the Lake Superior region, it is neither exhausted nor 
less rich in the red metal. 

The vein dips 24° northeast. The roof and the floor are 
virtually impenetrable to water; yet at a depth of a few hundred 
feet there is a little seepage of water from a vertical cross ifissure. 
The lowest depths of the stopes now fill with water which is 
kept pumped out. The veins are true fissure veins formed by 
the great folds in the Bradford schist. They were filled by 
ascending solutions and subsequentfy enriched by descending 
solutions. The rocks upon either side of the vein are well min- 
eralized, and the faulting occurred after the filling. 

The third mine, the Eureka and Union mines in Corinth, lies 
10 miles farther to the north and a little to the west. One 
mine is owned by Hutchinson & Waterman and the other by 
Darling & Smith. The vein dips 15° northeast, and for about 
50 rods follows the slope of the hill so that the ore was raised 
only a few feet to bring it to the surface. The ore is richer in 
copper content than either of the other two. In fact native 
copper has been obtained. 

A few men have been kept at work during the past year, and 

300 tons of ore have been shipped to New York. Many rich 

dump heaps from the original sorting of the ore remain. The 

copper can be extracted profitably by electricity, while all its 

sulfids are of commercial value in the manufacture of sulphuric 

acid. 

D. 

WASHINGTON LIMESTONE. 

This, as I have noted elsewhere, is the calcareous member 
of the " calciferous mica schist '* of Dr. C. H. Hitchcock. 

It crosses Vermont from north to south, and considered with 
the Bradford schist, with which it is so intimately interstratified,. 
it is the most extensive formation in the State. The widest 
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Plate XVIII. 
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portion of the limestone is in Canada between the east and west 
division of the Quebec group. Here it is much lighter in color 
than the corresponding beds in Vermont. Its greatest breadth 
in Vermont is in the northern part of the State, approximating 
to 40 miles. It narrows towards the south as the State itself 
narrows, and in the town of Hartford it divides by the interven- 
tion of the Bradford schist. The western member terminates 
suddenly in the southern part of Windsor county in Cavendish; 
while the eastern member crosses Massachusetts and is known 
there as the Conway schist. 

In general it is a dark gray silicious limestone. The coloring 
matter widely disseminated is uncombined carbon. The darker 
portion may be found in the southern half, the western half, and 
through Danville and Wheelock of the northern portion. In 
Derby and east therefrom it assumes a much lighter hue. This 
is equally characteristic of the formation in Topsham, Corinth 
and Washington. In Topsham the beds are the lightest in 
color. The polished slabs very closely resemble the Columbian 
marble of Rutland, Vt., which is a deposit of the same age lying 
west of the Green Mountains. 

The first discovery of this peculiarly variegated variety of the 
Washington limestone was made in September, 1893, about one 
mile east of Waits River Village by Henry C. Richardson, 
whose arable and pasture land is entirely underlaid with a rich 
deposit of marble. 

It is the source of the marble now advertised as '* Vermont 
Imperial Variegated Granite,'' quarried, manufactured and sold 
by W. M. Carnes & Co., Waits River, Vt. 

Plate XVIII represents the thick sheets as they lie upon 
the surface of the ground. A close examination of the 
third sheet to the right in the illustration will reveal the intense 
distortion of the original planes of bedding and the beautiful 
curves of the intimately interstratified light and dark areas. 
The light areas upon the face of the quarry are planes of chem- 
ical precipitation; and the dark, planes of sedimentary deposi- 
tion. To these alternations it owes a part of its beauty. 
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The second sheet is now exposed for 28 feet in length with 
a thickness of 6 feet. Hundreds of tons of most excellent mar- 
ble have already been removed from the two upper sheets. 
Neither end of the third sheet has been found nor its thickness 
determined. 

The strike of the rock is 45° west and the dip is very low, 15° 
north 45° east. One mile to the east the strike changes to 
north and south and the dip is 10° west. Two miles to the 
south the strike is north 10° east and the dip is low to the west. 
A few miles toward the west and the strike is east and west 
with a dip ranging from o to 10° north. 

The general strike of the Washington limestone to the south 
of the Waits River valley is north 10° east, to north 20° east. 
With its sudden change to east and west, and with a low dip to 
the north I believe that here lies a great fault extending more 
than 10 miles toward the west and determining the drainage of 
the area. 

The discovery of marble in Washington antedated that of 
Waits River by six months. Enormous deposits of the rock 
were brought to the attention of Willard Clough, of Washing- 
ton, and in May, 1893, the first quarry was opened and worked 
by the firm of Huntington & Clough. The first monument cut 
from the Washington marble was taken from this quarry and 
set in the cemetery at Washington. Later the quarry was 
owned and worked by C. L. Slack & Co. Within five years 
more than twenty-five quarries were opened by different parties, 
and the demand was in excess of the capacity of the sheds and 
polishers to meet the supply. 

Plate XIX represents the first quarry opened by Dr. F. A. 
Warner. It is situated about three miles east of Washington 
village at an altitude of 1,920 feet. The strike of the rock is 
north 10° east and the dip 15° west. Beneath it is a bunch 
of igneous matter which has given an upward bend to the strata 
and shattered it into smaller blocks. Dr. Warner has since 
opened up several new quarries under the name of the " Warner 
Granite Company.'' 
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WASHINGTON MARBLE. 5I 

The first marble quarry of R. F. Richardson was opened in 
the summer of 1894. It is situated three miles east of Wash- 
ington village and one mile south of Dr. Warner's first quarry. 
Here the strike of the rock is east and west and the dip 5° 
north. The first sheet is 4 feet thick and lies upon the surface. 
The second is 28 feet long and of unknown depth. 

Within five rods of this quarry the rock lies perfectly hori- 
zontal with a strike due west. About twenty-five rods towards 
the south is found the darkest, the most uniform in texture, and 
the most desirable marble of the whole formation. It is suscep- 
tible of a higher polish than any other and its lettering is legible 
to a greater distance. 

A few rods to the north is found the purest limestone of the 
entire area. Its percentage of soluble constituents is greater 
than that of any other sample analyzed. These areas of untilted 
strata, with planes of deposition coinciding with cleavage 
planes, may be seen in the right of Plate XII. 

Through the eastern part of Washington the lighter varieties 
of the marble quite closely resemble the Waits River deposit. 
The former is a dark variety with light bands; the latter a 
light variety with dark bands. 

A close inspection of Plate XX reveals the large curves 
in the strata in a hand specimen of the Washington mar- 
ble with the other half of the block superimposed. The frag- 
ment in the left-hand corner shows the curved bands in the 
Waits River marble. Not infrequently a multiplicity of ovals 
can be seen on a single slab. These vary in size from a robin's 
egg to 4 feet in diameter. 

It only requires capital and good management to make for 
Washington a marble industry equal to that of Rutland. 

The strike of the limestone at Corinth Corners is north 20° 
west; dip 35° east. Here a slab 75 feet long, without a single 
seam, could easily be obtained. Within three miles the strike 
changes from north 40° east to east and west, and the dip from 
35° east to 15° north. 
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Compression Tests. 

Rutland, white marble 1 1,892 

Italian 12,150 

Rutland, Mountain dark 12,833 

New York, Tuckahoe 12,950 

Lee, Mass I3i400 

Rutland, blue 13,864 

Kingston, N. Y 13,900 

Washington, Vt 15,675 

The Washington marble is a crystalline limestone of finer 
grain, more compact in texture, greater specific gravity, and 
capable of being cut to a finer edge than any granite on the 
market. On the highly polished surface of the uniformly dark 
varieties it takes a lettering legible at a greater distance than 
any known rock. I have personally compared it with more 
than 5,000 monuments in the east, central and western states. 

The dark steel gray and bluish varieties, as well as the banded 
and mottled varieties, hammer white, so that when cut into 
bases they form a striking contrast with the die upon which the 
inscription is placed. 

Ordinary marbles, largely carbonates of calcium and mag- 
nesium, soon become dull and corroded with vegetation and 
traces of iron; but pieces cut from this marble seventy-five 
years ago simply for building stones are still lively and untar- 
nished. 

No rock more stoutly resists decomposition and alteration 
by the action of the atmosphere than quartz, and the silicious 
character of this marble makes it preeminently fitted for all 
structural and ornamental purposes. 

Its mean depth is between 5,000 and 6,000 feet, hence the 
supply is inexhaustible. The thickness of the sheets every- 
where increase as the quarries are opened. 

This formation has plotted in Washington 5,821 feet, Waits 
River 5,500, Chelsea 5,000, Tunbridge 4,680. It decreases 
somewhat in depth towards the south and towards the west. 
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One locality plotted in the western part of Williamstown gave 
4,900 feet. 

From this point the rock assumes a darker hue, a more shaly 
texture, a more nearly vertical position, until it is intimately 
interstratified with the slate, and ultimately the slate becomes 
free from Washington limestone. 

Limestone exposed to the action of the ever-active atmos- 
phere assumes peculiar shapes. These forms resemble both 
animals and inanimate objects. They result partly from the 
chemical decomposition of the water that settles upon them, 
and partly from erosion. When limestones are exposed at high 
altitudes they are badly furrowed and crossed by deep washed- 
out channels. 

This result of disintegration, of imperceptible but effective 
wearing away^ is again due to the heavy summer rains, to the 
deep winter snows, to the scorching of the sun which makes 
the rock brittle and the freezing which makes the rock crack 
and split off from the main body of the mass. In fact, it is the 
result of the constant exposure of the limestone to the ever- 
changing action of the atmosphere. 

The possibilities of erosion are beautifully illustrated at Old 
City Falls in Strafford, where the water rushes with 30 feet 
perpendicular descent over ledges of Washington limestone. 

In the northwest corner of Corinth there is a very peculiar 
variety of the intermediate member. It is best catalogued as 
a calcareous quartzite. The rift is so perfect that a few taps 
with a sharp-edged tool will split off long slabs like wood. The 
uncovered sheets are over 100 feet in length with strike north 
50° west; dip north 40° east. It is well suited for flagging stone 
or bridge construction. 

Just outside the western band of the slate, the youngest of 
these Lower Trenton series, there is in Roxbury, within 30 rods 
of the depot, a most beautiful serpentine marble, well adapted 
for all kinds of decorative and interior work. Although there 
are white veins of soft talc and bright green fibres of serpentine 



54 THE TERRANES OF ORANGE COUNTY, VERMONT. 

running through it, nevertheless it is susceptible of a fine polish 

and in its richness surpasses many marbles. 

The quarries have been opened by the American Verdantique 

Marble Company. The thin slabs split easily along the line of 

the serpentine fibres; but with modern methods of cutting, 

polishing and handling, it ought to become a valuable marble 

production of the State. 

E. 

ERUPTIVES IN THE WASHINGTON LIMESTONE. 

These are composed of granite, syenite, amphibolite, limburg- 
ite, camptonite, and a large number of dikes of diabase and trap. 

They have developed many crystals of calcite in the Washing- 
ton limestone by melting the edges of the adjoining rock and 
then crystallizing out. This is also true of the work of the 
intrusive fused quartz present in varying proportions through- 
out the entire area. 

Of these eruptives, the Barre granite plays the most impor- 
tant part. The area is about eight miles long and four miles 
wide, mostly in Barre, but with a small area in Williamstown. 
It is a fine granite, composed of quartz, feldspar and mica. The 
mica is both muscovite and biotite. The higher the percentage 
of the former, the lighter is the granite; the higher the percent- 
age of the latter, the darker the granite. To these varying per- 
centages, therefore, is due a part of its beauty. 

When the State House at Montpelier was built in 1837 out 
of Barre granite from the Harrington quarries, the prophecy 
was made, " This is the last structure that will ever be built of 
Barre granite, and the last load that will ever be drawn from 
Harrington Hill." That locality is the present site of Granite- 
ville. From it there moved a single shaft in 1897 valued at 
$90,000. The annual output now exceeds $1,000,000. The 
granite is suited to all kinds of decorative and interior work, for 
all monumental and structural purposes. Its compression test 
is 19,000 pounds to the cubic inch — greater than many other 
well known New England granites. Its reputation is not local 
but international. 
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It has been considered by some eminent geologists metamor- 
phic in origin — the alteration of sedimentary deposits through 
heat and pressure. It is unquestionably igneous in origin. By 
volcanic action this molten magma now so highly crystallized 
was brought to the surface. I have found both the Washington 
limestone and the Bradford schist in actual contact with the 
granite and indurated by it. Large crystals of calcium carbon- 
ate have formed from the fusion and these are not infrequent 
in the contact zone. Near Graniteville there is a large patch 
of phyllite schist. According to the metamorphic theory, this 
inclusion would be impossible. With the volcanic theory it is 
in perfect harmony. It cannot be older than the Washington 
limestone through which it penetrated. This, as is often noted, 
is Lower Trenton. The granites of Orange county, with 
twenty-five localities represented on the map, may all be cata- 
logued of the same age. 

The granite of Orange Mountain is much coarser and in many 
places lighter than the Barre granite. The crystals of feldspar 
are ofttimes very large. When the coarse exterior has been 
removed^ there may be revealed a fine granite equal in many 
respects to the famous Barre neighbor. It is not a continuous 
body with the Barre granite, for it is separated from it by a 
band of sedimentary rocks two miles in width. Beautiful con- 
tact phenomena can be found on the side of the mountain facing 
Orange Center. In the contact rock are crystals of calcite two 
inches in diameter. 

Plate XXI represents the granite quarries of Blue Mountain, 
Ryegate. 

This granite, like the Barre, is susceptible of a beautiful polish. 
The mica constituent is both muscovite and biotite. The 
quartz sometimes assumes a reddish hue, giving a great variety 
in color. The mountain, like Ascutney, is the modern represen- 
tative of an extinct volcano, and the Washington limestone, 
which encircles it, shows abundant evidence of excessive heat. 

Plate XXII represents Mount Ascutney from the Windsor side. 
The mountain is situated in Windsor and Weathersfield. In 
approaching the mountain from Windsor, the Washington lime- 
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Stone resembles the half cooked lime of an old kiln. The 
degree of heat utilized becomes more intense, the induration 
greater, and finally the geologist stands with one foot on the 
metamorphosed limestone and the other upon the eruptive 
granite. Contact phenomena have been observed upon the 
south side as well as upon the north. The history of the moun- 
tain records at least two eruptions. The larger gave rise to 
the main body of the mountain, which reaches an altitude of 
3,325 feet. The granite flowed out over the encircling lime- 
stone like molten lava and calcined the lime to a distance of 
more than 500 feet. Little Ascutney, 1,700 feet high, repre- 
sents the second eruption. It occurred in the Bradford schist 
and aflfords a most excellent opportunity to study contact phe- 
nomena. The rock of Little Ascutney is in part a beautiful 
granite of great value for all monumental and structural pur- 
poses. These mountains are of the same age as the granite 
areas already described. Lower Trenton. 

Other granite areas, not here described, but found on the 
geological map, are represented in Cabot, Marshfield, Groton, 
Topsham, Orange, Chelsea, Straflford, Tunbridge and Bethel. 

From the smaller as well as the larger areas there extends 
many ramifying dikes of granite through the Washington lime- 
stone and Bradford schist. These calcine, indurate, and glaze 
the limestone, and metamorphose all schist not hitherto made 
crystalline. These dikes more stoutly resist decomposition 
than the contiguous limestones and schists, and often rise from 
6 inches to i foot above them. 

In Corinth, about one mile south of East Orange, on the 
farm of Orrin Prescott, is a beautiful illustration of resistance 
and disintegration. A dike of granite rises above the limestone 
like a stone wall. I have traced it over the hill for about half 
a mile. In one place it reaches an altitude of 10 feet. Where 
there are fissures in the granite the limestone has dissolved out 
and left the dike cavernous. 

The following article by the author, relating to the limburgite, 
was printed in Science, October 22, 1897: 



WINDSOR AND MT. AStLTNE 




THETFORD LIMBURGITE. 6l 

" SOURCE OF THE FAMOUS THETFORD LIMBURGITE. 

" Nearly half a century ago Dr. Oliver Payson Hubbard, 
while a member of the faculty of Dartmouth College, discovered 
large boulders of olivine basalt in Thetford, Vt., and discussed 
their probable derivation from basaltic areas in Canada. 

" Some of these boulders have found their way as museum 
curiosities to Chicago, Washington, New York and New 
Haven. They are particularly noted for their large rounded 
masses of olivine and crystalline, grayish green, glassy 
pyroxene. 

" In 1894 Dr. E. O. Hovey presented to the scientific world, 
through the columns of the * Transactions of the New York 
Academy of Sciences,' valuable information concerning the 
petrography of these basaltic boulders, and referred them to 
the limburgite division of the family. 

" Professor J. F. Kemp has commented upon the striking 
resemblance of olivine diabase to these boulders and discussed 
the improbability of a meteoric origin. 

" It has constantly been conjectured that their source was to 
the northward, since Vermont is in a region of extensive glaci- 
ation from that direction, yet geological research had failed to 
reveal their origin until last August. 

'* During the summer of 1896, while engaged in field work in 
stratigraphical geology, I encountered many dikes of diabase 
rich in olivine, and others of the same microscopical appear- 
ance as the typical camptonite in the Pemigewassett Valley, 
N. H. 

'' By diligent investigation it was my good fortune last August 
to discover in the locality of these ramifying dikes and the 
famous Corinth copper mines an extraordinary dike of lim- 
burgite, from 6 to 10 feet in width, and penetrating the cal- 
ciferous mica schist toward the west for more than half a mile. 

'' This limburgite bears individual crystals of olivine two to 
three inches in length and one to two inches in breadth. A 
single specimen has been placed in the museum of Dartmouth 
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College containing a crystal of olivine two and one-half inches 
by one and three-fourths. 

'' Some of the smaller crystals by the oxidation of the iron 
have become converted into limonite or hematite; others have 
gone over into serpentine, while a bit of calcite derived from the 
contiguous orthorhombic pyroxene or the basic plagioclase 
feldspar is occasionally seen in the cavities once filled by the 
original olivine crystals. 

'*As the locality is to the northward in the exact direction of 
the moving ice, and at a distance of only about twenty miles 
from the famous Thetford boulders, it seems evident that 
Corinth, Vt., w^as their original habitat." 

PALAEONTOLOGY. 

When the Washington limestone was formed by succes- 
sive sedimentary depositions it was unquestionably replete with 
fossils, but when granitic eruptions burst through it with that 
intense heat and powerful crystallizing agency by which the 
limestone has become so highly metamorphosed, almost the 
last relic of its organic life was obliterated. 

In fact we are compelled to look to a contemporaneous area 
in Canada for our palaeontological evidence. Dr: C. H. Hitch- 
cock has reported an area of limestone in Derby, Vt., full of 
crinoidal fragments about one-fourth of an inch in diameter. 

A microscopical slide of the Waits River marble has afforded 
evidence of the same fossils, but the strongest testimony yet 
in favor of a few existing fossils is the discovery of a crinoidal 
stem one-half inch in diameter in the Waits River marble 
December 28, 1897. It was exhumed from ten feet below the 
surface of bed rock. 

The stem was slightly distorted with an elongation in the 
direction of the lamination. A large sum was refused for this 
crinoidal stem because the block was wanted for a definite mon- 
ument. This locality has been most thoroughly examined 
many times during the past six years, and always with an in- 
creasing amount of evidence of a positive nature. I believe 
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that here, as the quarries are worked to a much greater depth, 
we shall soon find our richest palaeontological evidence in the 
Washington limestone. 

The Canadian territory is at Willard's Mills, Castle Brook, 
Magog, Quebec, about three miles to the west of the head of 
Lake Memphremagog. The slates are lithologically homo- 
geneous with the roofing slates of Montpelier and Northfield, 
and are, doubtless, the most productive of graptolites of any 
rock yet discovered, either in Canada or the United States. 

The coveted bonanza is situated on the western bank of the 
brook, directly opposite the mill, where the decomposing ter- 
rane has been in part carried away by the rapid washings of the 
overflowing dam. 

Large collections of these graptolites have been made both 
by the Geological Survey of Canada and by Dr. C. D. Wolcott 
of the United States Geological Survey. 

October 9, 1897, I visited the locality with Dr. C. H. Hitch- 
cock, and we made extensive collections for the museum of 
Dartmouth College. In this most fortunate contribution I 
have identified fifteen species, a full list of which is given below: 

Dicranograptus ramosus. Hall. 
Dicranograptus furcatus. 
Dicranograptus sextans. 
Diplograptus angustifolius. 
Diplograptus foliaceus-pristis. 
Diplograptus mucronatus. 
Graptolithus laevis. 
Graptolithus Sagittarius. 
Graptolithus scalaris. 
Graptolithus tenuis. 
Climacograptus bicornis. Hall. 
Climacograptus normalis. 
Caenograptus gracilis. 
Corynoides calicularis. 
Monograptus clingani. ? 
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The last species was accidentally broken, but it showed a 
curved virgula with proximal and distal ends distinct, and a 
few celules near the center of the convex side. 

The accompanying figure represents four species of these 
graptolites, one-half natural size. 




h 



X 



a, Graptolithus scalaris, showing a smooth margin. 

b, G, scalaris, showing a chitinous mass at the base of the 
radical termination. 

c, Climacograptus bicornis, showing obtuse teeth and a 
strong bifurcation which is thickened at the point of separation. 

d, Dicranograptus ramosus, showing the diverging and 
elongated bifurcations. 

e, Diplograptus mucronatus, with the mucronate teeth ex- 
tremely well preserved. From Castle Brook, Magog, Quebec. 

Plate XXIV represents a section of slate with a few of the 
best preserved forms of the graptolites. Many broken and in- 
complete forms present on the same fragment of slate were not 
sketched. As the illustration is natural size it will furnish some 
idea of the abundant distribution of these fossils. 
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Platb XXIII. 




Graptolites. 
Slab of Lower Trenton Slate, Castle Brook, Magog, P. Q. Twice natural size. 
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Dr. George M. Dawson, in his Annual Report of the Geo- 
logical Survey of Canada, Vol. VII, 1894, Appendix 133 J., 
enumerates the following species from the collections made by 
Dr. R. W. Ells and W. E. Deeks, 1890, and by H. M. Ami and 
H. B. Gushing, 1894: 

Leptograptus, species indeterminate. 
Dicellograptus, probably new species. 
Dicranograptus ramosus, Hall. 
Climacograptus bicomis. Hall. 
Climacograptus bicornis, variety scalaris. 
Climacograptus, new species. 
Diplograptus foliaceus, Murchison. 
Diplograptus angustifolius, Lapworth. 
Glassograptus ciliatus, Emmons. 
Corynoides calicularis. 

The comparative absence of fossiliferous terranes in eastern 
Vermont has- made doubtful from the biological standpoint the 
stratigraphical position of the slates, Bradford schist and Wash- 
ington limestone. It has been left to physical, stratigraphical 
and lithological similarity; therefore its pronounced age has 
oscillated from the Primitive of Zadoc Thompson to the Niagara 
of Dr. Dana. 

If we attempt to define the general stratigraphical succession 
in accordance with some great cycle of orogenic development 
in eastern Vermont, we find the slate resting unconformably 
upon the great Huronian terranes on the east and the west. 

The eastern slate is the oldest and marks the beginning of 
the Lower Trenton series; the western is the youngest and 
marks the culmination of the period. The succession is con- 
tinuous from east to west, and records no unconformity in 
Orange county. 

If ever such relations are found between the Lower and 
Upper Silurian terranes of eastern Vermont, I am confident 
that it will be in the vicinity of Lake Memphremagog. 

Although the uncertainty increases as we approach the more 
and more ancient deposits, nevertheless it is not extremely diflS- 
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cult to give a true stratigraphical position to these Palaeozoic 
terranes. 

When we study the records of the Canadian graptolites, when 
we consider the lithological homogeneity of these slates, when 
we accept the evidence of crinoidal stems in the Washington 
limestone, when we know the true stratigraphical position of 
these terranes, we are compelled to locate the clay slates, the 
Bradford schist and the Washington limestone as Lower Silu- 
rian, and more specifically Lower Trenton. 
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